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CHANGES OF ESTIMATES OF HERITABILITY AND GENETIC
CORRELATIONS FOR BODY WEIGHT AND MEASUREMENTS
DURING A FATTENING PERIOD IN JAPANESE BLACK STEERS

Fumio Mukal, Hideaki NOMURA and Toyokazu FUKUSHIMA

Abstract

Estimates of heritability were calculated for each of body weight and eleven linear measurements at
12 ages during a fattening period, and for those relative growth rates (RGRs) over 4 subsequent periods.
In addition, intra-age genetic and phenotypic correlations between measurements were estimated at a seq-
uence of 3 ages. Data were recorded at 28- or 2l1-day interval from average 266 days up to average 567
days of age on 732 steers sired by 127 Japanese Black bulls progeny-tested during 1971-1977 at 9 testing
stations in Japan. Least squares analysis based on Method 3 of Henderson (1953) was used to estimate
the variance and covariance components, taking account of the effect of station-year, sire within station-
year, and age of dam as covariate. For all measurements, the heritabilities were estimated in general high,
but the age trends were different among measurements. The estimates of body weight and chest girth
ranged from 0.79 to 0.70 and from 0.95 to 0.84, respectively, and showed no particular change during the
testing period. With respect to withers and hip height the estimates decreased slowly from about 0.75 to
0.55. Similar trends were observed for body length, hip and thurl width. The heritability estimates of chest
depth and width, croup length, pin-bone width, and cannon circumference decreased initially and thereafter
increased with age. Thus the patterns of changes showed V-shaped curves. The heritabilities of RGRs
over 4 periods changed markedly as compared with those of body size. Generally there was a steady decline
from first period to second and/or third period in all measurements except for hip width, croup length,
chest girth and width. Thereafter there was a rapidly increase up to fourth period. RGRs for body width
measurements tended to have higher heritability estimates than those of body size at similar age. The
patterns of changes in the genetic correlations during the testing period were different by the combination
of measurements. The genetic correlations between weight or chest girth and other measurements were
stable through the time. However, the correlations involving withers or hip height decreased and those of
chest or pin-bone width increased with age. These results suggest that the expression of a genotype can
change with age and genetic parameters largely determined by the composition of growth that has taken
place during the fattening period.
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Table 1. Number of sires and steers by testing station and year

StanopYear 1971 1972 1973 1974 1975 1976 1977  Total
Hyogo 128 18 17 5 12 15 — 79
(2)b (3) 3) M @) 3 14

Tottori 12 6 12 11 11 12 — 64
2 ) (2) (2) (2) 2 an

Shimane 5 11 23 23 23 18 — 103
q), (2) @ ) 4 3 (18

Hiroshima 11 23 23 18 16 23 — 114
(2) (4) ) (3 3 @ 20

Okayma 12 12 - 6 11 23 — 64
2 (2 — (O (2) 4 an

Ooita 6 6 6 12 11 11 6 58
(D 1 (1 (2 (2) 2) ¢)) ao

Nagasaki — 11 6 11 11 12 - 51
(2 ep; (2 (2 (2 )]

Miyazaki 12 11 6 17 11 12 — 69
@ ) e (3) 2 ) (12)

Kagoshima — 6 6 6 41 53 18 130
- I (D a " 9 3 22

Total 70 104 99 109 147 179 24 732
12 18 an a9 (26) 3D 4) azmn

& Number of steers :

bFigures in parentheses are number of sires.
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B. Relative growth rate(RGR)
Body Weight : BW
Withers Height : WH
Hip Height :HH
10 Body Length . BL
Chest Girth . CG
Chest Depth :CD
Chest Width :CW
gk Croup Length . CL
X Hip Width : HW|
Thurl Width : TW
Pin-bone Width : PW
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Growth patterns for body weight and measurements.
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Fig. 2. Plots of heritability estimates and variance components of body weight and measurements.
Scale of time is shown in Fig. 1-A. Standard errors of heritabilities range from 0.11 to
0.14. The symbols used are ; A—heritability estimate, ll—variance component of sire,
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Plots of heritability estimates and variance components of relative growth rates for body
weight and measurements over 4 periods.

Periods, 1~4, 4~7, 7~10, and 10~12, show

the age interval and are shown in Fig. 1-B. Standard errors of heritabilities range from
0.11 to 0.14. The symbols used are ; A—heritability estimate, ll—variance component of

sire, [[J—variance component of residual.
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Table 2. Intra—age genetic(above diagonal) and phenotypic (below diagonal)
correlations between body weight and measurements.
Measurement BW WH HH BL CG CD CwW CL HW TWwW PW CC
Body Weight ~ 1* —  .66°¢ .73P 64 878 56 1€ .755 61°¢ .672 .29°¢ .675
(BW) T~ 620 .61°¢ 73, .81 .64¢  67°¢ 727 .56 ¢ Ty .49°€ .69
12— .67° .14 1% 714® e3¢ e7¢ 74P 65 .71P 42¢ g0
Withers Height 1 .49  —  .90@ 19 .68° 43¢ .393 .3351i .40(‘1i .31(‘;1 -.143 49°¢
W) 7 .56  —  .912 52 .58 .50° A5 419 199 309 —.02 354
12 .55 —  .90¢ 40% 459 53¢ 309 374 97d  9d  5pd e
Hip Height 1 .57 .81  — 53¢ 73b B4 420 53¢ saS arC .053 .58
(HH) 7 .59 .88 — 543 .553 0% .33 42 095 309 —.03% 519
12 .57 .83 — 1% 429 579 28¢ 359 34?4 969 919 ogC
Body Length 1 .62 .41 .47  —  48¢ _47€ .053 '45§ .283 .50€ 409 214
(BL) 7 .75 .58 .62 — .5°¢ .643 .23d .76 455 .623 .38d .673
12 .69 .50 .53 —  67% a4 539 65¢  q9d 524 pd 45
Chest Girth 1 .79 .46 .51 44—  g4C 560 .58¢ 55¢ 61¢ 199 53¢
(CG) 7 .82 .48 .46 53 —  .g8°¢ 770 .65¢ 47°¢ .57§ .38¢ 51°€
12 .75 .39 .34 44 —  .52% .79° 51¢ 58C¢ 74P . 45C _48€
Chest Depth .60 4752 65— 35 610 550 57 189 g9
(D) 7 .68 .59 .55 56 .74 — 339 q9¢ g5od Tgpc ged T,.d
12 .63 .52 .49 43 .61 —  .50¢ 59¢ 51¢ 45¢ 264 g€
Chest Width .50 .23 .28 20 51 81 - 526 3¢ 50 .09d o8¢
(W 7 .68 .30 .28 37 .13 .40 — 429 31d 4gc g4d gpd
12 .62 .25 .22 33 .71 .41 —  51¢ 51¢ 67¢ .48¢ .30¢
Croup Length 1 .62 .41 .49 49 .53 .54 .36  — .743 850 58C .58°¢
cL) 7 .69 .57 .58 70 .57 .57 .42 —  .39% 1€ .39¢ . s54°€
12 .61 .47 .50 56 .45 .46 .38 —  .63¢ 769 61 .g2C
Hip Width 1 .66 .36 .42 43 .57 49 .43 .54 — 67D 44¢ .39¢
CHW) 7 .66 .39 .38 52 .57 .48 .47 .51 — e8¢ .38d 4od
12 .61 .38 .37 44 .50 .44 .42 .44 —  .69¢ 43¢ 49C€
Thurl Width 1 .65 .33 .45 48 .51 .47 .40 .61 .61 — .543 .55°¢
TW) 7 .74 .44 .48 64 .57 .50 .46 .59 .63 - 7 .65°¢
12 .69 .38 .38 51 .56 .41 .48 .56 .58 —  .71° .62€
Pin-bone Width 1 .44 .13 .22 3% .32 .29 .22 .43 .47 .55 — o4
(PW) 7 .58 .30 .34 47 .46 .40 .39 .45 .49 .67 —  .50¢
12 .52 .30 .33 40 .41 .31 .39 .48 .44 .62 -
Cannon Circum. 1 .60 .33 .42 33 .46 .41 .31 .46 .40 .52 .29 -
(cC) 7 .68 .43 .52 57 .51 .48 .35 .50 .42 .63 .51 —
12 .56 .37 .45 42 .43 .42 .25 .44 .37 .51 .41 —
* 15 {ime corresponds to 266 days, 7th to 434 days, and 12th to 567 days of age.

a,b,c,d

The range of standard error of genetic correlation ; a= 0.01 ~ 0.05, b=0.06 ~0.10,

c=0.11 ~0.15, d= 0.16 ~ 0.20.
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